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ABSTRACT 

A 1990 workshop discussed the dissemination and 
transfer of innovation in science, mathematics, and engineering 
education. The workshop was comprised of 20 participants, 
representing all levels of responsibility in higher education and a 
broad range of disciplines including chemistry, communication, 
computer science, earth science, engineering, life science, 
mathematics, and physics. This report describes the findings of the 
workshop and the resulting recommendations for action. The report is 
separated into four sections. The first section, identifies six 
issues and needs involving innovation. These include the need for: 
(1) visibility; (2) collaboratioa; (3) a taxonomy; (A) evaluation; 
(5) an infrastructure; and (6) educational insight. The second 
section lists eight goals that should help the higher education 
community improve engineering, science, and mathematics education. 
The third section elaborates on three strategies to achieve those 
goals: (1) enhance the visibility of educational innovation; (2) 
evaluate educational innovation; and (3) combat the isolation of 
educational innovators. The fourth section includes recommendations 
to the to the NSF, university administration and faculty, 
professional societies and journals, and industry. A reference list 
contains 15 citations. A list of participants is provided. (MDH) 
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FOREWORD 



In March 1986, the National Science Board (NSB) released its report "Undergraduate Science, Mathematics and 
Engineering Education" (NSB 86-100) that described the outcomes of a year-long study conducted by the NSB Task 
Committee on Undergraduate Science and Engineering Education. The NSB report identifies serious problem areas 
in U.S. undergraduate education and suggests remedial actions that should be taken by academic institutions, the 
private sector, states, the National Science Foundation, and other Federal agencies. 

As a follow up to the NSB 1986 Report, the NSF, through the Division of Undergraduate Science, Engineering and 
Mathematics Education of the Directorate for Education and Human Resources, has sponsored several workshops 
dealing With undergraduate education: "Undergraduate Engineering Education," May, 1986; "Disciplinary Workshops 
on Undergraduate Education," April, 1988; "Science, Engineering, and Mathematics Education in Two-Year Colleges," 
June, 1989; "Engineering, Engineers, and Engineering Education in the Twenty-First Century," December, 1989; 
"Dissemination and Transfer of Innovation in Science, Mathematics and Engineering Education," May, 1990; and 
"Undergraduate Laboratory Development," June 1990. 

The workshop held in May of 1990 was comprised of twenty members, representing all levels of responsibility in 
higher education and a broad range of disciplines including chemistry, communication, computer science, earth 
science, engineering, life science, mathematics, and physics. This report describes the findings of the NSF Workshop 
on the Dissemination and Transfer of Innovation in Science, Mathematics and Engineering Education, and the 
resulting recommendations for action to the National Science Foundation, to university administration and faculty, to 
professional societies and journals, and to industry. The opinions expressed in this report are those of the^xpert panel 
and do not represent NSF policy. Recommendations of the panel are currently under review by NSF. 

The National Science Foundation expresses its gratitude to Dr. Brcslin and to all workshop participants for their 
hard work and valuable contributions. 
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NATIONAL SCIENCE FOUNDATION 

DIRECTORATE FOR EDUCATION AMD 
HUMAN RESOURCES 



March 30. 1991 

Walter Massey 
Director 

National Science Foundation 
Washington, D.C. 20550 

Dear Walter: 

I am pleased to submit to you the report of the experts who participated in the National Science 
Foundation Workshop on the Dissemination and Transfer of Innovation in Science, Mathematics, and 
Engineering Education. 

The report is the result of the dedicated efforts of Dr. Richard Breslin, President of Drexel .university, 
and a panel of twenty distinguished leaders within the higher education community. It succeeds 
several studies that have emphasized the importance of undergraduate science, mathematics, and 
engineering education, and reflects the critical role of the National Science Foundation in furthering 
the dissemination and transfer of quality innovation in this area. 




Luther Williams 

Assistant Director 

Education and Human Resources 
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EXECUTIVE SUMMARY 



Innovation in science, mathematics and engineering education is a powerful and necessary 
tool I" )r addressing the nation's manpower shortages, revitalizing undergraduate education and 
meeting the educational needs of non-traditional students in the quantitative disciplines. While 
innovation activities are taking place at some colleges and unix'ersities, the results of these 
efforts are, for the most part, not being disseminated throughout the nation's higher education 
community. We need to multiply the benefits of educational innovation activity at one location 
by providing for the dissemination, transfer and adaptation of quality innovation to other institu- 
tions and additional learning environments. 

The transfer of educational innovation is frustrated by a multitude of barriers. Some difficulties 
arise from the independent nature of institutions of higher education. Many difficulties arise 
from the second-class citizenship of teaching, relative to disciplinary research, in the practice of 
higher education at many colleges and universities. And, for those educators who do pursue 
activity in educational innovation, there is frustration with an almost complete lack of national 
infrastructure to aid and foster such activity. 

Dissemination, transfer and adaptation of quality innovative educational methods must 
increase substantially if innovation is to be an effective agent in helping to address the nation's 
pedagogical needs. For this to occur, activities in educational innovation must become visible to 
others, and an infrastructure as effective as the infrastructure that supports disciplinary research 
must be created to support educational innovation. Of \xry great importance is the need to restore 
balance between teaching and disciplinary research in the nation's colleges and universities. 

Virtually all parties in higher education have an important role to play in addressing the 
nation's manpower needs through innovation in educational methodology, and the transfer ot 
such innovations, in science, mathematics and engineering education. Colleges and universities 
must restore a significant measure of \Mlue to quality teaching and faculty activity in educational 
innovation. Professional societies and journals must act to recognize achie\'ement in innovation 
and become agents for the dissemination of information about quality innovation. The industrial 
complex must become a partner with higher education in supporting and setting direction tor 
innovation activity. The national government, through the Office of the President and through 
appropriate agencies, must speak to and actively support both quality innovation and the entire 
higher education enterprise. The National Science Foundation, long a supporter of innovative 
activity in undergraduate education, now has a crucial role to play in furthering the dissemination 
and transfer of quality innovation so as to lead the nation forward in seeking solutions to current 
difficulties in science, mathematics and engineering education. In particular, the Foundation can 
foster the transfer of innovation by building appropriate transfer-potential evaluations into all 
education development projects and by supporting the transfer and adaptation of completed, 
successful innovations to cUher institutions and to additional learning environments. 
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INTRODUCTION 



The vitality of education in science, mathematics, and 
engineering 1 1,2,3,4,5] in colleges and universities is 
essential to the health of the nation. [6] Numerous stud- 
ies have predicted a severe shortage of manpower in 
science and technology unless we can attract an unprece- 
dented number of new students, including women and 
minorities, to the serious study of science, mathematics 
and engineering. [7j Even if we are able to attract enough 
students, it is an enormous task to retain and motivate 
them while providing a topflight education which will 
enable them to cope with the pace of scientific and tech- 
nological development throughout their careers. Many 
students are overwhelmed by curricular offerings that 
are overcrowded with too many courses and bored bv 
outdated topics and equipment. A strong case can be 
made that these students are denied a quality education 
by an over reliance on a passive lecture/recitation format. 
Employers worrv about whether recent graduates and 
those engaging in continuing education have the skills 
needed to make effective contributions to the nation's 
economv. 

In short, there is a national need for innovation in 
undergraduate science, mathematics, and engineering 
education, 

fVesident CJeorge Bush has said that our "nation will 
not accept anvthing less than excellence in education." 
|8| Such a national effort will require major funding from 
many sources and personal energv on the part of manv 
individuals. Responsibility for innovation and continu- 
ous program review and development must be the 
shared commitment of federal agencies, private founda- 
tions, administrators, college faculty, pre-college teach- 
ers, and industry. 

For those who teach, this is an exciting time. Much 
educational innovation is occurring. There is a height- 
ened interest in the importance of teaching and learning 
at the college level. [9| There are nevv understandings of 
the learning process based on outcomes of research in 
science education and cognitive psvchology. There are 
such new technologies as computers, electronic mail and 
video equipment that can help both facultv and students 
engage in active, collaborative learning in many disci- 
plines. In addition, new developments in many fields of 
science require us to rethink bcUh the content of our 
curricular c^fferings and the manner in which we train 
scientific professionals. 



Today's educators in science, mathematics, and engi- 
neering are developing and testing new approaches in 
undergraduate learning that range from changes in a 
single college course to major revisions in an institution's 
entirecurriculurn. However, to meet the challenge to the 
nation of reshaping outdated programs and attracting 
new students, educators must not only develop bold 
innovative curricula and educational materials them- 
selves, but also assist their colleagues in adopting their 
innovations and find ways of adopting the educational 
innovations of others. In an effort to share innovations 
with others successfully, educators face a variety of chal- 
lenges, many springing from the highly varied and inde- 
pendent nature of American higher education. 

While there has been some investment over the past 
few years in the use of new methods and technologies 
in theclassroom, many inspiringand w ;:hwhile educa- 
tional innovations n'wer move bevond the walls of local 
institutions. It is important to the vitality of teaching in 
mathematics, science and engineering, therefore, that 
the best o\ new programs become known and seriouslv 
ciMisidered for adaptation, where appropriate, for use at 
other institutions. Facultv in other departments and at 
other institutions must learn about the best of the innova- 
tions and must have acc ess to the financial and human 
resources needed to evaluate and adapt worthy ideas to 
other settings. 

The workshop participants came together to engage 
in nn in-depth exploration of the issues of transfer of 
educational innovation and to develop strategies and 
recommendations to disseminate such innovation. In 
this report, the workshop participants 

define the issues by making some observations 
about the nature of educational innovation and its 
transfer, examining the barriers to adoption of new 
curricular ideas; 

state goals for a national effort to improve the trans- 
fer of educational innovation; 

present strategies to be followed in this effort; and 
finally, 

offer recommendations for action by the wide vari- 
ety of persons and institutions which have a role to 
play in the higher education enterprise. 
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ISSUES AND NEEDS 



An oxamination of the state of innovation in under- 
graduate science, mathematics and engineering educa- 
tion exposes a large number of difficulties for, and barri- 
ers to, the transfer of innovation both within and 
between institutions of higher education. 'I'hese diffi- 
culties and barriers can be grouped so as to identify six 
broad needs that must be addressed if the nation is to 
meet the challenges facing higher education. 

L The Need for Visibility 

Many valuable innovations in science, mathematics 
and engineering education now occur, yet few of these 
are visible, and therefore few are widely used bv a 
broader base of educators. Partly as a result of the "invisi- 
bility" of such educational innovations, and partiv as a 
result of skewed incentive systems, such educational 
activities are too often held in far less esteem in universi- 
ties than are innovations in scientifir and "engineering 
research. In the main, the tvpical university incentive 
system actively discourages any significant focus on 
teaching-related innovation. Externa! funding for 
research innovation is far larger than that for educational 
innovation, causing the latter to appear relatively value- 
less among national priorities. 

National leadership today expresses concern regi d- 
ing manpower shortages and the lagging technolc^gical 
status of the United States of America. Within academia, 
however, innovations in science education are not 
afforded the same collegia! respect as are those in disci- 
plinary research. Faculty peer review and the impact 
of promotion and tenure interfere with our ability to 
stimulate research activity and progress in the area of 
educational innovation. Untenured faculty (and tenured 
as well) are rarely rewarded for working on innovative 
leaching methods. 

The historical traditions c^f disciplinary activity in uni- 
versities are a major barrier tc^ formation of an interdisci- 
plinary community of science, mathematics and engi- 
neering educators. Normally, there is little interchange 
between and among fields about teaching methods that 
could cut naturally across discipline lines. 

Within the academic community there is an obvious 
need to improve the visibility of innovation in science, 
mathematics and engineering education. There is an 
equally obvious need to make such innovations visible 
to the larger public audience so as to empower support- 
ers of innovation to sanction, stimulate and reward pro- 
ductive activities for the development of undergraduate 
education. 
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2. The Need for Collahoratiou 

In their roles as teachers, university faculty members 
usually work in relative isolation, seldom sharing their 
methods and innovations with others, Thus, one might 
hear of a "new, computerized instructional system" for 
some field and then find it very difficult to acquire and 
to use. Teaching thereby contrasts with research, which 
is usually conducted by a community of peers with con- 
siderable sharing of results through a rich variety of 
mechanisms. Collaborative ventures have long been 
important and, in some cases, essential in scientific and 
engineering research; they must also become the norm 
in educational and instructional innovation. 

3. The Need for a Taxonomif 

\v\ contrast with the characteristics of research activity, 
in which there is usually a shared understanding of the 
problems of interest in the field, there is no common 
taxonomy of problems and results in instructional inno- 
vations. There is no accepted method for comparing the 
effectiveness of one curriculum versus another. Thus, 
when innovations do occur in science, mathematics or 
engineering education, it is difficult to characterize their 
nature and to estimate their potential common use and 
their impact. Scientists, specifically, Mficn feel that they 
have no clear defined language and/or methodology for 
dealing with teaching and related innovations. 

4. The Need for Evahiatiou 

For curricular or pedagogical innovations to acquire 
credibility in the academic, industrial, or wider commu- 
nities there must be a mechanism for, and evidence of, 
rigorous evaluation. The evaluation scheme must assess 
the purposes, process, and product of the innovation. 
Evaluation instruments must provide defensible evi- 
dence of the level to which the innovation has met its 
stated goals. 

Over-committed time and lack of money to pay for 
that time pose the most significant barriers to providing 
program evaluation. Potential users are likely to be the 
best evaluators, but these persons are usually unable 
to invest the time necessary to determine the relative 
usefulness of new approaches, A lack of expertise on the 
part of innovators in the areas of educational research 
and testing protocols and a lack of knowledge about the 
extent of curricular innovation in progress hamper the 
evaluation process. U is also important to distinguish 
between evaluation and accreditation. While we recog- 



ni/.c tlu* need for accrediUition processes in some disci- 
plines, accreditation criteria, and their application, can 
sometimes be perceived as counting in ways chat stifle 
innovation. 

hUer- and intra-disciplinary competition, turf battles, 
institutional biases, and other academic foibles all too 
often form barriers to objectivity in the evaluation pro- 
cess. Most institutions lack incentives for ad(ipting inno- 
vation. To counter this tendency, educators have to he 
convinced that the inncn^Uion is sound educationally, 
tiie innovation has to be perceived as being effective and 
the expertise needs to be available to implement changes, 
in the final analysis, educational innovation which 
improves the teaching-learning environment needs to be 
seen as a value unto itself. 

5. The Need for Infrastructure 

There dcvs exist some infrastructure for support and 
transfer of edueationiil inno\'ation. The media forcurric- 
ular innovations include written materials, video tapes 
and disks, software, journal articles, and new apparatus. 
Methods for distribution of information regarding inno- 
vation include both formal nnd informal techniques. 
Informal methods include workshops at conferences, 
electronic bulletin boards and mail, personal contact, 
presentations at conferences, articles in journals and dis- 
tribution of materials at cost via mail. Formal methods 
include in-house grant-supported distribution and distri- 
bution bv educational organizations, software compa- 
nies, publishers, equipment manufacturers and supply 
houses. One publisher is even offering on- demand pub- 
lication of textbooks (10) from master computer files of 
instructional materials and texts, an approach which per- 
mits facultv members to tailor a textbook to their specific 
am rses. 

However, in contrast with the superb infrastructure 
that has developed to support the national research 
effort, the infrastructure supporting educational innova- 
tion has obvious weaknesses. There is a lack of peer- 
reviewed journals devoted to educational innovation 
which would hold the interest of engineering, mathe- 
matics and science educators. There are very few ongo- 
ing interdisciplinary conferences at which educational 
innovations are featured. The larger publishers are some- 
times warv of software and other new media, leaving 
their distributicm to smaller, more financially precarious 
firms. 



h'aculty in many disciplines are not yet equipp^nl with 
adequate computing facilities and netw(M'k access 
that can be used to communicate with other educatitMial 
innovators. Vov those faculty that have network access, 
the sharing of innovative teaching methods, educational 
materials, and particularly computer software has been 
significantly facilitated by national and international 
electronic networks such as NSFNBT and BITNET. Elec- 
tronic networks capabilities such as electronic mail, bul- 
letin boards, and file transfer have been important in 
both the development and dissemination of inncn'aticni 
in some fields. Other fields, even though well equipped, 
have not vet adopted the modern computing culture of 
networking. 

Developing an infrastructure takes resources. The cost 
of adoption or adaptation of curricular materials and new 
equipment, and especially the cost of extra staff time to 
rupport this enterprise, may seem prohibitive. The cost 
of maintaining the new program^ may be more expensive 
Ihaii that of maintaining the old system. The present and 
projected manpower problems in science, engineering, 
and mathematics may slow the pace ot educational inno- 
vation and its transfer. Finallv, behind any discussion 
of resources looms the difficult and complex issue (^f 
intellectual property, the conflict between tree dissemi- 
nation of information and the use of patents and copy- 
rights to protect commercial interests. [121 

6. The Need for Educational htsif^ht 

Because most facultv do not know enough about edu- 
cational methodology and 'now students learn, some fac- 
ultv have a tendency to use teaching strategies which 
may not be appropriate to the culture of their students; 
this does not create an environment conducive to adc^pt- 
ing more effective teaching techniques. Moreover, phi- 
losophies of education suitable at the graduate level are 
frequently not suitable to the instruction of undergradu- 
ates, especially in their early college years. Another cur- 
rent reality is that existing curricula in many disciplines 
are often jammed with required courses, leaving virtu- 
ally no room for innovation. 

In higher education, scholarship should be defined to 
include traditional research, original curriculum devel- 
opment and educational innovation. Original educa- 
tional innovation and adoption of innovation take time 
and energy and unless such activity is rewarded, it is 
difficult to stimulate faculty interest in such activities. 



ERIC 



4 



GOALS 



As rcvsult of idc»nlifying Iho national noods and issues 
prc^viously sot forth, the workshop participants ostaL> 
lishod a focusod sot of ^oals which should help iho higlior 
oducalion community improve cnf];inooring, science and 
mathematics education. 

1 . Raise the visibility of biUh good educational innova- 
tions and their innovatcM's, enhancin^^ public esteem of 
innovators in sci(MU\\ mathematics and engineering edu- 
cation while at tliosame time redirecting academic incen- 
tives to encourage peer recognition of educational inno- 
vators. 

2. Restore a balance between resonrch and teaching in 
university and college level science, mathematics, and 
engineering that is more in tune with the nation's needs 
for competent, technical professionals. 

3. EvoK'oa meaningful taxonomy of educational inno- 
vations, providing case studies with significant exam- 
ples, to help the community characterize and communi- 
cati» the nature of such innovations, 

4. Develop networking, both in the socitil sense 
through encouraging contacts between and among 
instructors in similar courses and in the technological 
sense through supporting the modern computer culture 
of electronic networking as well as the non-electrc)nic 



media and publishing to enhance the intellectual market- 
place in educational innovations, 

3. Develop a naliiinal community of science, mathe- 
matics and engineering educntors who have a common 
interest in, and who will speak forcefully to, the need 
for quality educational innovation and its transfer. 

6. Ilvaluato educational innovation at all stages, during 
development, upon completion, and after transfer to 
users — and in all its components: pedagogical improve- 
ments, curriciilnr content changes, software-based 
items, and uses of still emerging electronic and optical 
technologies. Evaluate learning and not merely teaching 
or technique and ensure that evaluation suppc^rts and 
stimulates rather than stifles innovation. Encourage 
externally-based assessment to foster objectivity and dis- 
semination. 

7. Build an understanding that the objective of innova- 
tion is to increase the quality of education, and not 
merely to increase productivity or to change for the sake 
of change. 

8. Achieve wid«^spread dissemination of successful 
innovations to other campuses so that the nati(Mi experi- 
ences the greatest gtrnd from the expenditure of 
resources used tor innox'ation in undergraduate science, 
mathematics and engineering education. 



STRATEGIES 



A variety of strategics will bo needed to achieve the 
goals articulated above and many of these strategies will 
cut across boundaries to be important for the achieve- 
ment of more than one goal. The strategies are listed in 
three major groupings. 

7. Enhance the Visibility of Educational Innovation 

Encourage top-level leadership to focus attention on 
the issue of science, mathen^atics, and engineering edu- 
cation, and the need for innovation in this area. For 
example, a "university presidents' message" to the facul- 
ties of a group of leading universities stating that teach- 
ingand educational innovationr vill now be as necessary 
as research in tenure and promotion decisions might (1) 
help shift the incentive svstems, (2) provide a highly 
newsworthy item that itself would enhance the visibility 
of teaching and educational innovation and (3) change 
faculty attitudes towards the value teaching and educa- 
tional innovation. 

Develop a taxonomy of educational innovation with a 
sponsored workshop, followed bv a conference, on the 
nature and structure of educational innovations. The 
resulting improvements in our abilitv to describe, discuss 
and communicate about such innovations will greatly 
enhance their visibilitv and credibility. Exploit the 
increasingly available video resources at universities to 
project powerful, positive images of great teachers and 
innovative educational activities to the university com- 
munity and to the public at large. 

Encourage science, mathematics and engineering fac- 
ul '^' to make presentations to talk about their educational 
activities and innovations to campus visitors — the tradi- 
tion now is to talk about one's research. 

Identify the key professional publications that mold 
opinion in science, mathematics, and engineering com- 
munities, and encourage respected thought leaders in 
these fields to u^rite and comment in these publications 
on the issues of innovation in science, mathematics, and 
engineering education. 

Enhance all efforts for increasing visibility by deliber- 
ately orchestrating a planned "simultaneity effect." The 
"presidents' message" could be followed by the timely 
appearance c^f articles bv opinion leaders across many 
fields that reach a wide science, mathematics, and engi- 
neering audience, followed by the national workshop. 
The joint result of this group of activities could be made 
far larger than the sum of individual, uncoordinated 
efforts, and ultimately reach and impact a wide audience. 



both within and without the college and university com- 
munity, 

2. Evaluate Educational Innovation 

Emphasize peer review as the primary mode of evalu- 
ating innovation. Involve in the evaluation both the 
developers of a project and individuals from outside 
their group or institution. Include among these peers 
educational research specialists who may reside at the 
institutions that developed the innovation, at other aca- 
demic institutions across the country, or at industrial 
centers for curricular developn^ent. [13] Recognize that 
choosing external reviewers from among prospective 
users will increase the probability of transfer of the inno- 
vation to additional users. Ensure that the evaluation 
team include perspectives from all three partners in the 
educational enterprise: academia, industry and govern- 
ment. Evaluation should also include significant student 
input. Use this system of networked peer review for 
evaluating proposals for funding, for journal articles, 
for professional workshop proposals and for conference 
plans. Tap the expertise of curricular advisory groups 
where thev exist, and/or create them if they do not exist. 

[XMTiand clear articulation of the goals for an educa- 
tional innovation project and of the criteria developed to 
assess its effectiveness. Insist that evaluation start at the 
beginning of the project, continue through develop- 
ment, and be maintained through the implementation 
phase of the project. 

Ensure that accrediting agencies, in their evaluation of 
programs, encourage rather than stifle innovation. 

Within each discipline, and across disciplines if possi- 
ble, conduct a review of the literature sumnnarizing suc- 
cessful innovation project case histories. Such literature, 
plus banks of standardized tests and evaluation instru- 
ments, should be housed in appropriate resource cen- 
ters, in both print and electronic forms, and made avail- 
able by them to interested users. 

Make available appropriate levels of funding for evalu- 
cUion of innovation on a stable and predictable basis. 
Funding should be made available for the development 
of new instruments and techniques as well as for apply- 
ing known evaluative techniques. Funding should be 
made available for longitudinal studies. 

3. Combat Isolation of Educational Innovators 

Support the widespread use of information technology 
to promote networking among educators. [14] Make the 
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sharing of infornicition via electronic networks easier so 
that those implementing new innovations will have help 
and support from others who have worked in the same 
area of cutting-edge innovation endeavor. Encourage 
interdisciplinary research in educational innovation. 



Develop closer ties among science, mathematics, and 
engineering educators and those groups in society which 
rely on universities and colleges. Such groups should 
include American industry as well as federal, state, and 
local research and development organizations. 
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RECOMMENDATIONS 



Virtually c^\\ constituencies in the community of higher 
education have an important role to play in addressing 
the nation's manpower needs through innovation, and 
the transfer of innovation, in science, mathematics and 
engineering education. Consequently, all parties must 
accept a responsibility tor helping to change the culture 
of higher education in our nation. Specific recommenda- 
tions, therefore, need to be addressed to the National 
Science Foundation, to university and college personnel, 
to professional organizations and to industry. 

2. To the National Science Foundation 

Continue and expand funding for projects that address 
innovation in mathematics, science and engineering 
education. Strive to develop consistent and predictable 
levels of funding to support all aspects of original innova- 
tion and the evaluation of its potential for transfer to 
other institutions and new learning environments. 
Directlv support transfer of innovation by making avail- 
able to institutions matching funds for the adoption and 
adaptation of innovations developed by others. 

Require that innovation projecis ha\'e clearly defined 
metht)ds for both internal and external evaluation to 
assess originalitv, effectiveness, quality and transferabil- 
ity. Insist that funded projects have built in mechanisms 
to ensure that the higher education community is aware 
of the innovation under development for purposes of 
possible transfer, and require dissemination plans in 
educational innovation proposals. 

Support the development of standardized testing pro- 
cedures which properly link evaluation criteria to the 
pedagogical and curricular goals of a given innovation. 
Encourage innovation activities that include the partici- 
pation of specialists in educational psychology and cog- 
nate disciplines. Maintain easily accessible banks of 
proven standardized testing procedures and act to assure 
that standardized testing supports, rather than stifles, 
educational innovation. Encourage accrediting bodies to 
foster innovation. 

Support the testing of innovation through subsidized 
student participation and support, through thesis work, 
the direct involvement of undergraduate students in the 
development of educational innovation. 

Encourage more faculty to participate in originating 
and adopting educational innovation by supporting 
innovation activities through release time and teaching 
associate grants. Support the selection of educational 
innovators to give colloquia on their work at other insti- 



tutions. Provide resources for women and minority pro- 
grams which stress innovation in science, mathematics 
and engineering education. Encourage innovators to 
apply on a competitive basis for funding which is spe- 
cifically dedicated to dissemination and transfer activity. 

Fund university centers for science mathematics and 
engineering education so as to leverage university and 
industry matching funds. 

Review and as necessary revise budget and supporting 
information guidelines used for projects in curriculum 
development given that research oriented budget and 
information documents are not always appropriate for 
education innovation programs, 

2. To University and College Administration and 
Faculty 

A select group of college presidents identified by the 
National Science Foundation, should provide a leader- 
ship role in molding the nation's understanding of the 
need to improve science, mathematics and engineermg 
education. 

Make educational innovation and teaching as impor- 
tant on camipus as research by considering excellence in 
educational innovation in the reward, promotion, and 
tenure process. Give prominence to teaching and educa- 
tional innovation, for example, through awards at com- 
mencement. 

Develop and put in place means to assess teaching 
performance, which will be accepted by faculty and used 
in performance reviews. Initiate sabbatical leaves to 
focus on educational innovation and faculty exchange 
programs to facilitate the exchange of teaching ideas. 

Dedicate a fixed percentage of undergraduate tuition 
dollars to educational innovation. Encourage and facili- 
tate faculty activity in educational innovation including 
linkages to pre-college (K-12) and graduate education. 
Establish and maintain a national clearinghouse or 
resource center, such as a center for innovative teaching 
or a center for science education. Develop a newsletter, 
or utilize an existing newsletter, to keep the campus 
community informed about educational innovations. 

Arrange for educational innovators to make presenta- 
tions at conferences for administrators and encourage 
sessions on educational innovation at disciplinary con- 
ferences. 

Encourage faculty and staff to become familiar with 
educational research findings that relate to the evalua- 



[ion of innovation in science, mathematics and engineer- 
ing education and encourage faculty to expand their 
activities in the utilization of standardized test instru- 
ments. Develop a cadre of faculty and staff who are 
prepared and inclined to conduct both internal and exter- 
nal peer review^ of innovative projects, including on- 
site testing. Develop regularized testing methods and 
procedures with the cooperation of individuals trained 
in educational techniques and testing protocols. 

Encourage innovation that improves learning through 
small classes with close faculty-student interaction. 

Take new modes of instruction into consideration in 
the design of new undergraduate classroom and laLxira- 
tory facilities. 

3. To Professional Societies and Professional foumals 

Clarify the relationship between the accreditation pro- 
cess and the encouragement of educational innovation to 
assure that improper application of accreditation criteria 
does not stifle experimentation and innovation. 

Provide seed monev grants to support the develop- 
ment of new courses and educational innovations. Give 
awards for excellence in education and educational inno- 
vation. 

Establish journals for the publication of educational 
innovations within disciplines and among disciplines. 
Invite kevnote speakers for disciplinary research meet- 
ings who will focus on issues of educational innovation, 

4. To bidiistnj 

Speak loudlv to the national need for a strong infra- 
structure to support innovation in science, mathematics 
and engineering education. Share industry's knowledge 
of evaluation of innovation in education and training 
with the academic community. 

Participate in cost sharing for the enhancement of sci- 
ence,mathematics and engineering education. 
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Exchange faculty members and industry research lab 
staff so as to facilitate the flow of new idea- into the 
classroom and into the nation's laboratories. Eiicourage 
the use of industry personnel as instructors in project 
courses, and encourage industrial participation in the 
development of projects for undergraduate laboratory 
courses. Encourage appropriately qualified and moti- 
vated industry employees to take early retirement to 
accept teaching positions in universities where their 
fresh point of view can aid in educational innovation. 



.5. General Recommendations 

Government, industry and academia should form 
strong partnerships to facilitate the development of the 
infrastructure needed to handle all aspects of increased 
innovation. 

Non-profit philanthropic organizations should be 
identified to provide grants to develop and evaluate new 
programs and provide funding for sending faculty mem- 
bers and administrators to visit new programs thev 
intend to adopt. A number of government agencies need 
to be more heavily involved in funding education inno- 
vation. The Department of Education should continue to 
expand its Fund for the Development of Post-secondarv 
Education; and other Federal agencies such as the 
Department of Energy, the Environmental Protection 
Agencv, the National Aeronautic and Space Administra- 
tion, and the National Institute of Standards and Tech- 
nology should develop action plans to recognize the 
important role they have to play in the restoration of the 
vital importance of science, engineering and mathe- 
matics. 

Given the critical importance of education to the vital- 
ity of our country, we recommend that President George 
Bush continue to affirm the importance of cultivating 
innovation in science, mathematics and engineering 
education. 
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June 1990 



Dr. Robert Watson, Director 
Division of Undergraduate Science, 

Engineering and Mathematics Education 
The National Science Foundation 
Washington, DC 20550 

Dear Dr. Watson: 

I am most pleased to forward to you this report prepared by twenty members of the higher education 
community who participated in a workshop, held May 1-3, 1990, in which we focused on the transfer 
of innovation in undergraduate science, mathematics and engineering education. We truly hope that 
our observations and recommendations will be of value to you and your colleagues as you move 
forward to address the pressing issues in higher education in our nation. 

There are two important points to be made about the workshop and this report. 

First, it is important to note that the twenty participants represented not only all levels of responsibility 
in higher education, but also a very broad range of disciplines including chemistry, communication, 
computer science, earth science, engineering, life science, mathematics and physics. This broad range 
of disciplinary skills added immensely to the excitement, breadth of perspective and the productivity 
of the workshop. 

Second, as you read this report, you will see very early on that we believe that all partners in the 
higher education enterprise including administrators, faculty, industry, government and professional 
societies have an important role to play in supporting the transfer of innovation. To this end, we 
encourage you to give the views set forth in our report the widest possible circulation. We encourage 
the National Science Foundation to take the leadership role in orchestrating the broad response that 
is needed to help the nation address the critical challenges that we face. 

On behalf of all of the participants, I extend to you and to your staff our deepest appreciation for your 
support of our endeavor. Your encouragement of our study is a clear and certain signal of the Vv^ell 
placed concern that you and your colleagues have for the quality of higher education. Thank you for 
making our workshop a reality. 

Sincerely yours. 



Richard D. Breslin, Ph.D. 
Workshop Chair 
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